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- & m « H - * - A # — « -fb IS *J "SS * % 




The present invention provides a wideband wavelength converter with 
four-wave-mixing, which includes a modulated laser diode, a modulator, a 
first and second polarized controller, a first, second and third tunable lasers, 
a optical coupler, a SOA wavelength converter and a multiplexer. The 
present invention utilizes an assisted beam that could improve the recovery 
rate and the saturation power of the SOA wavelength converter. While the 
SOA wavelength converter is operated at a bias close to the transparent 
condition for the assisted beam, it doesn't influence the gain of the SOA 
wavelength converter. 
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3& - «^ : 

*■ # m & rnifr & -k # & it * # s. #r 4i ^ • 

5 [itf at] 

(Time-division Multiplexing » TDM)^r s£ & gj. m 3& & #f # 

& %L m • ii*I^B*£ittik4ft«*±*#f&*fc**&- • - 
10 & ^ ^ #j Synchronous Optical Network(SONET) • % — i® A 
&L%LM B £fl#j Synchronous Digital Hierarchy (SDH) ° i£ 

^ $$r % Ifcjjo ^ 7 frttiiZ jl (Wavelength Division 
Multiplexing » WDM) # & #f » £ *X & -ft & # >fc » & — # & 

It * « Jfr *fc * # * i-- # *fr ifc * # *fr * & » # f- a # 

0 £ x(WDM)i^#if f^^^^Jlffi t # # 

j& # & ' ffiftfcaA£ii&*iga£#T^+***fc;8fc*. 
H it ft £ m & ' a & ' * * * * m * & 
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£ # * # & 9k. $ H'J 4fc it 4& #7 W & • ^ 1998 #- -fc ft 
&j IEEE Photon. Technol. Lett m f'l #J 9 952-954 f t • t 

mSfclf # fcb ( Signal Background Ratio » SBR) • -fa > jfc 

A i # #1 M (amplified spontaneous emission « ASE)$l tfl f£ 
10 A > IS) af 1* lit * # 4- * Jtft * A A 8 # «t ft f A » J- # -ft 

ftjfc*#&&###ifcaiL-fc;g:5E:»*Al$ . t* # & *fc 4 # * 
4fe it PI" « 

rfq ^ 1998 + ft IEEE Photon. Technol. Lett & f'J 
% 1404-1406 It »4tlti-«ft««.ffl— at-f-4f«.** 
15 i# 2r - * t ' t£ — it 4t H. >£ & #J >& -fe £ ® £ • * 
& — ft fat® (grating)^o ft & £. > 

J-^^^tH^7fc^W • & ' Ai*^r**^««.ffl-=- it ^ 

e iH >t * ' t -=- it * ft ^ >* * #J ft * it ^ b* ' # * *fc ♦ 
20 # 4fc it PM& • 

3fr 1999 #->v;f #j IEEE Photon. Technol. Lett jty f'J #j 
I 982-984 I t'^ifi-^f^^^&^Atii-X^^L 

rafc>s,^fi«jft-fc***fe*fcl. • * «. ffl ~ it 4b X 4a £ Jl #j ^. 
>£ & ' J-X it £>J 80nm Jfe. -fc ft & * • &fl&tS-f9-ft&afc 
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A8$4£«*i#Att46JE«fl!L(*J 200mA) > itb ^ itb -T 5! ^g. 
& & M (thermal effect) • M. }& 4& t& % ft & A A Si &J tiL ft 
• ffij^cAi#li4i (amplified spontaneous emission » 
ASE)#Mfl # ft A ° I®! ' *#*Jfc^*«-15 dB -fllSfe 
5 f f tb (SBR) #)-22 dB • "*r & & 4i. o ^^^^ . 

[ # 1*3 ^ ] 

io #&4Lfc#w&&^&*#4*&£ a m # 4ft 
at * 4& & # w » • m s$ • fr&m&ifctfim 

# & & s. ' *±.#&^-i«ft*4t*s» - - & m ft n - - 

15 $ - 4b 4£ #'J H ^ - fc-'sriflsJt**** - # — -sr tw a * at - 
-$-tt^fe*-J# - -7fc^^H - ~ * i|- « & A S§ > - 

20 tAtumft > «j»#*fr^«*L*iifeisft5.ttiHft«r4t & 

* ' # £ i - m % & ; «»-*-fb4s*I8i^«L*-?fcifcj|» 
^ 5. t£ it «i ft H £ ' a£E$| 4b : t£ ^ 

« ^ f «■ 4* ffl * J. £ - * — & * 60 & >* * ; « — * 4b «e 



% — &tfi&4b ; m ft to & n # ffl *. m- n m st & - 3? - 

— & m t to&M.tii &to&n > *i ffl * m # & *± # a 
5 ^ £ c? ft «. (fwm)^ ; m% ^-^m&'g m ft 

^&®.& - & m.to&£.n & & ' a 9 - 

&i & — & m^to& b-t* m & • a jhf ^ ig ft 
* 60 *6 j# & a # & # * & & >i ^ $ .j - ifr a * a t • 
io * ^ ^ # w «t tt #r m ' *& & ^ m. # _l #»j ffl > 3-z&% n 
' «t ^ t * # «w -l- *i - 

[ * ^ * ] 

Bl-fli^«-W-«5t«raft «t ^ft-feJH*lt*4L** 
m ' £±^-eL^-^^# JSt 7fc^210 > - ft H 220 - - 

% -te4b& #'J H 230 - - ^ - t$ ^ f #240 » - $ — « 
& # JSt 250 > - # — 4£4b*E f'J m 260 > - & i& & H 270 > - Jt 
20 ia<B8l 280 --^^||jfc«fcAi5 290 --*=.-5ri«^ I ^JH- 
300 * - £ jl H 3 10 A - & & ft fi 320 ° * t ' i£ «S £ «T # & 
m 210 #, & J& & - ^ # 3g & $ & ^ ^ ft (Distributed 
Feedback Laser Diode » DFB-LD) • ffl a J. £ — & % #1 "H rfa 
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& 4& 4 ^ (sidelobe)^ >h # # M & m ' 

t£ jfctt ft H 220 A % % - * - jtm.fe&S. t& 

5 ^ m m a. ^ a m M; ft ^ % % m ft f m & % » # a >t - m & 

• t£ & «q ft '• g 220^T ^ ^ *h «9 ^ ^ i m A & SB ft §§ ' - & 
^«**«|gi4«iR«^tt«l# • is. jL E9 j& Jg, & -ft 
(Four-Wave Mixing' FWM)#^f f t ' f t ft ^ * 

* & # it ^ » &. t£ & m ft g 220^ # a - & * n ft n 
io ?p t • 

m % - & -fb «e *i n 23o# & * - m. & s. m & m ft 

§§ 220^l & iU *ft > a«*I««i«fejfc«i«i'fb-«3p--srt«^ I # 
4t 240# /8 *. a ± - % - -ft &} ?k tit Jt ' J» & ^ m # #J # ^ 
& -ft. W «£ ' H a ^ it f ■] « # & & * o t^^-n^T^^t^ 
15 250# ffi £ £ - $ jfc -ft jfc ft jfc . « & £ #r # # & #j & 
-ft ° t ' f£ * - 4b 4S f'J H 230#. # f'J tfl & #J & 4b & m 
% — &ffijt t &j&4b%,te5- J ?-fr ' « it M & A # ^ Sit $ • ffij 

is $ - tn ^ f # 24o#, «j^«*-^. > , *^4L«.-R:'ft.««i 

ft * *1 it « # i% % - H. >f jfc 6^ Sfe -ft: J: 4, - >1 ^ ft tf. ( #1 
20 ^° 'J" *fr 2nm ) » 

i& % — fa it f-J H 260# M * - & A *5 & i& % — »T 
IW ^ f 4t 250 • a ft f-J i£ $ ^ >f jt m it • f£ # — ^ >fb *£ 

* 'J H *£ * ^ ^ m * 6^ « ^fb ' 
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& «. m 3£ js& * • 

i£ & M ^ n 270# ffl *. ft t£ W. Sfe & # — 
Ijt^^^-Tfcllt • *» lib 2r fe-ft t£ 1ft & - £ - 31 

290(Semiconductor Optical Amplifier » SOA)t > # # fj ^ 
ft # * jj: & - 

& ia *B H 280M £-;fc*ftfc^5-f&&ife^H 270^ 

10 # * M ^ ^ &} & EJ # T • ft « >fc t£ & ife ^ H 270^ ft. if da 
t£ jfc PJ. « H 280 ' aWL*Jjfe4£^.^r^#^» ffij & £ ^ 4§ 
% m & M & k& > 4%i%-kp % ^ m % M 240 % =- 

m a f ^t25o^ ± m m $ • 

f£ $ ^ W £ f M 300# 
15 it ' lttli^it&!l!itli 14xxnm(1400nm~1480nm) • t£ 

^ «T m ft It ^ ° i& -f t£ It & 3fc A 3 290 j& » (F WM) 
^_#^^:^#jLtb^-#^^nJt^G0^=-^^r^--t&^ti 
^ * #J -sp- 2r [Ps] 2 > £ t PsT^JLik m -f^ft;fc;&Af§ 290#J^ 
20 *° ^ (saturation intensity) • 1£ ^- It :fc 2fc A ii 290 4& 
# 5. H t£ -f * It & & A H 29O60 & M * (carrier)^ £ ^ i£ 
ftj (lifetime)^, >Rlfc'&;fai&i|[ + *£f£&;&Ag 290tt&^^- 
(recovery rate)^T*# it t£ f£ 4- It * A ti 290#J 

a (fwm)4l# & St 4 ° ft ft s^tz m & it M-mm ^ $t 
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It tIg^l A H 290 t • fr>i&¥ fatten 290&J + 

#. M # (recovery rate) • #L Hh i£ S>] *# it t£ t£ -f ^ It & & A 
H 290# E3 ^^^^(FWM^tt^l • 

f£ ^ * tt * 2fc A 8 2904& & * - & 4ft to & M. t* & IB. « 

5 ft 280^ & dt > *>] ffl * x # ml -14 i*tt«iis & % 

w s - ' ffij #j Tfc,^ 3$ £ (optical field) 

£ c = £ 2 (£, • £, - <y, )exp[/(i» e / + AO)] 

+ • ^2 )r{o> 2 ~ co x )exp[i(fl> e / + AO)] ( 1 ) 

10 £ t ' col - co2 - cos > coc > El - E2 > Es,& Ec#, #J ^ % — 
%. >f & - # — & >f & - Ifl ft & - A#4fe&.tllftjfctttiPi$A 
3& ^(optical field) » A O = <Ds - cp 1 + <D2 » Os - Ol JSL 
02# J3'J * tfL ft - %-&ffiJtJSL%—&mjttfjJ®tiL > 
y(<y, - col) # — 4i #. & ^ #, #. (complex coupling 

15 coefficient) 5 

a & * p & b # ml & & '14 #. on ft ' m u & it *fc #i t *t & # 

ML 'tt 4& "fr ' #'J m # ML '14 # '14 ' JX £ £ E9 & (FWM)4L 

tttW* • £ # # Ml *4 ^ # t # ^ ft fli » 
20 (F WM) ai4#**"te-^Ti6a^^^f «jtAAil290 

tfiifet-f ^ 41 (recovery rate)^ ^ 9f ft > #f a ft 

ffl^^^lt^^AH 290i£4r m tiLvUfr (FWM) • 
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& Ifr m ^ It & 2fc A H 290 tf) =. F£ # & a B fl 

II • & ffl t£ 4- It It & A it 290s£ ft B9 & « #° (FWM)B^ • 

(optical field) - m St 

& - l-^iilQ-al- • & 

5 £ to iMj & JL M # ^ ^ B ♦ * « & & & H 3 20*f 
itft4ftiifait# - 4t*^*(l)t^fJ • *^(l)t 

E s (£, • £ 2 )y(co 2 - co x )exp[i(eo e t + A<X>)] ' S^t^^ — ^.^^JL^^^. 
>f & tfj^-fb 4s 5- £ JL ' & (^• J B 2 ) = 0 ' ffij «. # 5^(1) t % 
%,0> ffij 4£ & # • * - * E 2 {E, E,)y(a>s -a>,)exp[/(^ + AO)] ° * 
10 3* t£ ffl Sfe & #J 4b M i% % - ?k m & 60 4£ 4b ^ 4B S. -f- 4r • fit 
« (/?, • ft A -CiL • &&*#**ftfi«j*l»fi<J39&^*ftA ° 
tt£jL3S310*##-*fr^^&*-*#fc^.g.t*.£ 
9-*** at ASS 290^ ^TiU »A*J=-|fr/s.J*A*--jfc4fc*|^J. 
«£X^t«5£$4t300'J»J»*igfc*tt##a^#&ftfi«r 

is & ^ >i ^ fj - ^ ife * a t • a % n *s ^? & -R & 4t 

14xxnm& «. ' fatfl,S&;fe;fcj&-ft:&^E. 1 5xxnm& «. ' 4£ ffl - 
ti^St 14xxnm^ 15xxnm^L £ ^ fi ° JJl 4- i£ tfl tfl f& /*/r 
& ffl ^ SSL -ft ^ S «. ( 1 485- 1 525nm) C & -gt 
(1525~1565nm)a %l & L & ( 1 5 6 5 n m~ ) • /9f 
20 « ' *«#&te-l5E.<1485nm4L£a&-ft: ' i£ ^ # f£ ¥ >» 

tt aft it S 320*1- ** * ft * ife -fr ?t Ml • B2#.**|j 

ft. « * * ffl • * ^ £ # tt # & ft 60 * • f& £ & & 33 
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320-»r & — «T m & ft Sfe. H • *» Fabry-Perot tunable 
filter > «*«**» e 4L * ^ ft ft & 3& ift • dj^fo-*,,)^ 

# * ft ' 0 6J c = <y 2 ± | w s - (jo , | > a> 2 M *T -fit ffi % 

# & ^ ^ o> c f& ts§ ^ » a jtb a it #j h5e. ft a &j n %k >k 

5 «. 1*3 # *Jftft6$**ft*fc* (Conversion 
E f f i ciency > C E ) ° 

®4#, «-ff-«t*AAS 290ft ffl - ffi 3h & & ft % ft 
ffl#J#&Bf^##t;&# (CE) A m fife jf * tb ( signal to 
background ratio • SBR ) ^fct|£ffi > t^f S^^cAI 290 
10 % & % 3ft 4% *fr *l 4* & it B £ € ' # *P ^ J£ $h & Bf it if 
^ -f t£ ft 7t at A fi ^ Ik #o it ^ # ' ft 2p ^ ¥ * if & • ° 
*■ t/^TF^*" *^ffl*S«*.«#*Sfc^ (CE)A til* 

* * tb ( SBR) ftfttfft flf *B*# » Jfc # (CE)A Ifl 

* # * tb ( SBR) fr.m ftj tH 6.5dBA3.5dB • ffl 5ft i& flt 
15 & A i§ 2-9 Oft ««3fl&il&«ftft'fti4.EfcJ]lBfttft*& . g. 

t ftfl? **^7fcB^# & & $ (CE) »T it -5dB • ffolRtf f 
tb ( SBR) -*r it -30dB • 

|6#l^f^*iAi 290ft *«ft#H*ft*fc$ 
(CE)4l Rfl ft ® - £- + #ftffi*§#*tt#***fc* (CE) 
20 & tTL fife ; t * tb ( SBR ) I=J # ft M € ft T ' ^ *t ft # ft 

ffl $! J# & 8f # & £fc $ (CE) A fllSfe If * fcb ( SBR) A A ° 

@ 7ft m 7F 4£ it # i% # (Bit-Error Rate « BER)#j tb & 
m • t^^^ft^^cAU 290ft If ^tt'ti^El^ 
ft ' i£ tfl fife & (Ps) ft T A 6 _L # ^ A 6^ ?& SI • ^-J *i 25nm • 
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& m 8 »r m m m > m m & ft $tt% #■ (ber)b^- • % ikm 
m & & ^ -*t • # Bp ' & ^ 

# ffi 4$ & ' *1 ft 60 # $ T ' T # l£ fr-Mft tL t& # 
(BER)° msm*$mif:>tfo-t&&fo&&]&mi%'W-k> 25nm 

5 ' *o # ffl 4i # * > $p M & it fj i o- 1 0 m aL ft m « $ 

(BER) ° 

* _L it «, w > 

^ * ' *Pp4fcf|-&-g:***fe|tJ£*-l***fc* (CE) • it. ffij It 
fMfLM. t * fcb ( SBR) • 

15 $ 4i ft a* 210 60 & -fe ^7 1555. 75nm > & «9 ft ii 220 ^ - 
LiNb0 3 7fc,t^ ft H ' ^7tH^i 270H'J #. ffl ^ #1 2x1 ^ H 

' n % - ^ ffi fc(Pi)* # — & ffi 7fe,(P2)^ msii Tfc(Ps) 

(Converted Signal)^ ^ ^ ^ ff Bl • * t ' 1* fR 
20 fl^(Ps)^>iL*^ 1555. 75nm » fg £ - j& & (P 1 ).< -fe & 
1554.95nm(Pp 1 555 .75nm-0.8nm) ■ ifij S£ # ^ & (Converted 
Signal)-^ -ft & i£ $ ~ ^ ffi ;fc(P2)4L & -fe # a* ^ 0.8nm° ffij 

/Til * jH'J & ^ & 100mA - 



15 



m±m?& - *■ # B ^ & * *t a # » • ^ 

• ^i>it^^ • jt&n £ w & % h t «. ^ 

^Jfei^I-l^ ' ffn #4S .Lit***] • 
[ 51 £ ffi * tfc ] 
10 ffl 2 : # * # g§ M # * - % - ^ * > % — ^ A tfl fife 

H 3 : W ^ - & >f &(P1) - &(P2) - mfife jfc 

(Ps) A # & & & (Converted Signal)^ *f] M Utt M ° 

15 ft&^Bf4L^^^c# (CE) A tfl fife t * tt ( signal to 
background ratio ,' SBR) ^_ fcb lie BB ° 

M 5 •• & i% -f $ ft it A 33 2904& jR % >& % 200mA #J 'It 
^ ' * t 4tm Bf 4*^St^(CE)"ST5fc-5dB ' fl& tfl, fife ft 

f: fcb ( SBR) Tit-30dB • 
20 ffl6 : ^« + l^ftifcafcA3S 290«iS«j&^#*St^(CE)4L 

m ^ n ° 

ffl 7 : A% m 4iL it m m ^ (Bit-Error Rate > BER) #j tb #Jc ffl <> 
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1 . -«jt««J*.»^&-fe#*|t* ' * ±. # & * : 

«*«lfr^4i««Lmft«3ft5.«tWf>*4tifcaji > # j. £ - 

tfl ^ t!g > 

- $ - & 4b «e # 'J IS > # IS. * - & A ^ 5. f£ & in * IS. 
10 ' a & *I i& tfl Sfe it ¥j m 4b ; 

* ' a & ^ m # # & # n ; 

15 - ^ — ^ >fb ^ f'J P > #Jii-it^^£^|-«r^ 

& * JM- ' « & * m £ — ^ >£ * ft & 4b ; 

- lb & ^ H ' '&Jfl#.J»tttfUfefc > 

20 IS ' #'] Jfl * X P£ # & tf£ # *t aiitsjfc », ifo (FWM)i # ^ 
ft * : 
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2. *» t * * *l A IB * 1 « /It It * ' £ £ & ^ - 
**jfc**-^^5S«*4t— tt«t (DFB-LD) • 

« & n LiNbo 3 & m 9t n • 

« 4b iS #<] H #, f 'J m * & # & 4b & ig ^ - ^ j* & # & 4b A 

& 4b 4SE f'J fi 4$ *£ * 'J % ~ ^ $ & ft & 4b * i£ % - & m #j & 
4b % fa M. £ i • 
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ft -ft — «LiSL* ° 

11. *il&flB£l3Sflrifc*-*t4 ' * t ' « £ J- 

H — t^-l •Tll^ 14xxnm^> 15xxnm#j ^ it i& £ -I- if • 
5 12. *»t**#!ll£ffl*l«/9fit4L|t*»*t«««ft 

# M & & t* - >H & #7 & ft it & - <b tft 2nm # ft • 

13. *»t1t-M'JJ£ffl£l*flfiiC:*L|ti . * t ' * £ ^ 

4L ft o 

10 14. *»f«-**||£ffl»l^/9fifc4L|t£»*t»«tR.«; 

15. *> ? *fr**J&ffl g 1 * ifc 4L It * ' &t ' tft* 

16. *p t tft-*#4f&ig # 15 ^^fi4 ^£ s > & t . it 

*Si#&>&--£ai&ft4L*, • 

17. *o f tt # *»J ft ® % 1 # m i£ 4L & £ ' * t ' t£ 

20 & & H £ • 

18. *a t ft SI * 15*/9fifc £ . * t 
fca i& ft #r if 3£ & 3fc A ii ' 
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